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LX. tt#Fm&mc>Mfrbm^ GaAsinfS^VK^Kil ( 
N) Z&tsmtGa As £Q Fi>*ias<m (P) 

umm2] mm (n) t ^ o>ft&<a v 2£x^ £ ^ tr eeism £ #o 

L X . Offifl h M K , GaAsiH fcSm^' > K 

<SH (N) mitGaAs «t •) K**ie5<* (P) £^*3lo 

a A s i 19 MeS^^ K?Hg:<M!f (N) Sr^trtitt, GaAsOat?h 
[ff*^4] MSI (N) t-eco^(7)V^7C*^#^EElSg^^?to^ H B H 4ii» 

m^zz^mm-^xpfe^z^^x^&fe&mmzmL, ^og a a s « 

<MfSt (N) ^ttfi ^ G a A s J: f) MSiw^'> < 1 (P) 

?#pffitti«^<J7|3J«i (P) ifctiMS (N) *-&tr3lo5R9M£*!"*- 
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# 5 ffif'*>' W£< M3f (N) Z^tiM t G a A s X *) i> K^ ? S < » ( 
P) «T'&*3lo5Ri?M«:^r-r4«fcO#««3a^?>'S:*^«««*±, GaAsi 

*)bmm%f*>\ f A t m<m (p) ^^Io^om^i-^ji^Io?!^^ 

i^tz&^x, g a a s x *) i>mmft/*> vm&<mm (n) z^tsmtG a a s 
x*)i>fmtf'*>v-t>m<m (p) ^^Io^m^wi-^ii^m^w 

7 ] tmm 1 7i»M»^ 5 (D^nfr-m^tmvy^mimitm 

3-Ki3\,*T. GaAsJ:HfE«f^>K* I S5<* (P) fc^Slo&O ^£*r 
i-^»S«h LTG a A s PS^fflv^ fylfiG a A s X *) *>{SM15s-<> KtWB: 

<m.m (N) HtritUGaAsN*ffli>«6fc#, GaAsPlOGaAs 
P«^GaAs (1-x) P x (0<x^0. 2) it, fiT-^pfS 

- v> c, ti & - 1 zrnrn. t-fh itmm -^ta, 
[0001] 
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[0 0 0 21 

SSf (N) t^^<7)V^x^^^tfIII-V^l B B H ^^^##5l 
^f^<7>*tfrt LTv£@ ?tLtv^ 0 #CG a I nNAsli, ^£<7)7frHf:>* 
■r^X-m^h fixity 7 4 ^-izMLX l£tl£ <D v^ft £> 4 1 . 3//mwtW 

alnNAsli, GaAsNhGaInAs<b <Dfo£k~C$> *9 , {SS^tefiNli 

G a I nNAsli, G a A s t <7)&<^;b-£"^ i 7° I W.<D^y- uWS^ftLX 
^ 0 GalnNAshGaAs t (Dm.^^^xm J&1~ ^ii^F'Sttl 

i^.o G a I nNAsli, J±MM££nx.Tffi ^£ L%^WticM%ML 

[0 0 0 3] 

[f&WJSI&LJ:? fctiSHIl 
L^L&7& ? <b, Ga I nNAsli, ±SS £ 3 & tt*>\Z^ t&i^MfP^ 

[0 0 0 4] 

&3Ii$fKJll (strain — compensated layer) £rffl^<l>:Jj 
[0 0 0 5] 

GalnNAs tCj3V>T(±, fgteS t&<D?\^M <9 ^£W1-&MMftf t LT 



tfiIiE!|f 2003-3098060 



9&m 2003-045447 ^- *J \ 4/ 

n.m k mm Lrmf&m y £, g a a s p , GaAsN&zti^tim^&m.mxm 

[0 0 0 6] 

fllxJflfcift TAppl. Phys. Lett., 78, 91 (2 0 0 1) J f: 
xm&ZtlX^&Xo G a A s P<3*T^tt«JI£^JiKBS&3*fc»'& 
, GaAs PWG a A s «fc 0 Mzc#m^'> < , (SS^^ K<7)/s> K 

^■v -y < a 9 , mat Lxm^mmm < * o , n^soffi 

-t±-Cft o fci^F fStt* £ DH^jfeft £ K ti> G a I n N A s f&1£ 

lf<OM£^:£< L/ci9> (N) &;&£i§jjn£^££^ ? &&o L^U f&1£ 

®«7)M^^:^ <-ti>(r>m^m^^(DWMx^f)iitt l< ^7t, n&js 
< 

[0 0 0 7] 

GaAs N<7)Aflif|^SttiCli^^li, G a A 

s NOMG a A s X *) K^Mfi: < . fc^m'^ KO/O K^> y 7° 

^IMstfvh $ < & *) , t^^^-fb LXLtd (HI 2 £# 

[0 0 0 8] 

*%wa. mm (n) ^^oit!iovj^^^^tf^ B a H ^«ff^ffl^^^ig#i§ 

[0 0 0 9] 

iLiiEmzmm-r&tzmz^ mMmnm^mn. mm (n) t^oit&cov 
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tested, lT-#p^4ft:lgLt, »?-#F^14«^1U^«b«I^, G a A 
s J: <9 te^/^V K^iS < mm (N) Sr-g-tr* <h G a A s «fc '9 i>fcm#i'*> K 
(P) *^*5loK*)^«:^r-r*»tO^««aS^'b«:*^«««* f l9: 

[0010] 

G a A s»«_tC^*^tLTV^^S#§I^T-^i3V^-C, f&tt««ctci±, #i 
K^i6;<S3f (N) ^^tfl t G a A s i 0 Us«f < i (P 

[001 1 ] 

iZH^X. G a A s J: 19 Krt ? fS:<S|f (N) £^trJI(i, G a A s 
[0012] 

i/i, is^S4fe«<7)^(i, (n) t^(D\&<DvmKm*^tsi±mm* 

G a A s*^±^^ft$tLTv^ifiS#^7fe*T-^ioV^-c, fett«i:ii, 

hsj^s vm&<m.m (n) «r-g-tr« tGaAs^ i>&m$i'*> vtm < « (P 
. ttz, &m=f-#Fm&miBiw) rm&m (p) i^fia* (n) *^tf5io 

[0 0 13] 

Sfc, »*^5f5«tOl&W(±, tt*«4fem<7)^^l§^ : F-^^v^T. Ga 

a s i *>i>mmtt'-<> h*tm<mm (n) mii:GaAsj;n»^ 
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K**l*<* (P) ^^?|o?ft^^^W-r^>e^^#«tSii^ , b^^MM«®ii 
, GaAs±HfEf^>K^<ii (P) £-a<^lo3Rl9^£^-r£S<^l 

[0 0 14] 

g a a s «fc 19 *>mm#'*> F**&<m (p) ^^^\^m f om^^t^mt 

[0 0 15] 

^Mifcz&it^^&^x, g a a s x *) i>mmw^> y^rn <m (P) £-a<^3l 

-om*)^.*fttZ>mt LtG a A s Pi*fflv\ ^o, buISG a A s X *) MS* 
Vm&<Mm (N) S:^trIfcLtGaAsNS:fflv^t|, GaAsP 
i<0GaAsP(7)«^GaAs (l-x) ?x (0<x^0. 2) tU £ £ 
> » : F#Pf&te«KBSH"&G a A s N<7)I?££ 1 n m&±£-fZ> - t t 

[0 0 16] 

ttz, tmmstm^mn, tmrnm^immi o^irti^-m^tm^ 
[00 1 7] 

»;Jfc®9fB*W>fl9II±, Miffl^IiLt, »#^8i£«0#S#3l 
[0 0 18] 
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[0 0 19] 

^m^mmmm % mm ^m^^ xmm-$-z> 0 

[0 0 2 0] 

(m i (Dmmmm 

Mi^i i oiMiit mm (n) t^<Dm<Dvm7tm*'atfi±immzn 

imizmmLx, tt#pm&m<omfrbm^ gzAsx*) 

\&<m.m (n) mitGaAsJ:nfEii^>TO<i (p) *^^\ 

^wv)mzmi-z>mt<D^mmi&frh%z> m.mmm mmbtix^zztzmm. 

[0 0 2 1 ] 

mm (n) t^^^cov^TE^^^-trffiiiM^^o 
im^&fl^ & £ «?-#py£145 £#a,-cv^ •stMft £^ L . HGaAs 

li:Plitt, m^Pi^m^m^hmjz^ G a A s «t <9 MS*nT^> KriHB: 
< a* (N) «r#tf®t G a A s X Y) Kri*BK 01 (P) 

o 

[0 0 2 2] 

*&m<Qm2v>nffi&mt. mm (n) tznmnvmTtmz'Str&m&zn 

#PfiM4«HR«LT, &tt#Pi£&m<omfrbmz^ GaAsiHISff 
/^>K^g:<M* (N) £^-fr«£G a A s J: «9 &fs3Mi^> Krt ? i£i<$i (P) 
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[0 0 2 3] 

:<7)i2^ifitli, Sit (N) fc-e-^OV^7c3S*-&trJBE«^«:^o 
y < Mm (N) fc-g-tr® t G a A s X *) Msll^'> K^S < $p (P) £ 

[0 0 2 4] 

(* 3 <n%mm) 

v>T, G a A s J: ^ MS^m^> K7H£< SSf (N) fi, G a A s 

[0 0 2 5] 

r, g a a s «t *) i>mm^'*> v^m<mm (n) z^ttmi*. GaAswi 
x^i-oWvwz^lx^&cdx, £y)mm&zmmfc¥T%oztwT-&z>o 

[0 0 2 6] 

*%w<Dm4<Dnnfm&, mm (n> t-eo^v^x^^^tfjE^^^ 

#Pf&14«UBSMgL-C, ^-»T-#Pfettil(7)tiiJ^eMH. G a A s «t «3 U£lf 
^yV^i&<mm (N) ^ItGaAs iHfiISA>K3}%<I (P) 

&&tt\vmQw*m?zmt<o&mmmfrb%zwnmm&®ifhtix&t), 
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itz, ^i^PSttl^^^-'iTl^i (P) itzitmm (N) £-^fr3|o?l 
[0 0 2 7] 

;0»4 0lMgtl±, MS (N) fc-e-OflfeOVSi7C3gS:'&tr£E«^S:#o 
A s«±^^«$tiTv^^##^*T-^^v^T, fettle (±, 
> W£ < Mil (N) £^trg ^GaAsiH ^/s> < $ ( P ) * 

fz, &*=?#Fm&mme>/*vTmi>*m (p) 4^*±M3R (n) z^&zi^m'o 

tz, ilp^f, fl5«*tto^S#l&^T-**ltti-'6-fc**-e§&o 

[0 0 2 8] 

(» 5 <D&ffi&m 

^Oi5^I», »4 0^J&ff^<7)4 i ##l§7fe« : F-^^^T, Ga 
A s «t 0 ^fe^/^ W<I| (N) £#trJft G a A s J: •? 4>fc#M?/*>' 

v^m<m (p) z^&B\^mv&£m^&mt<D#mMikfrt>%2>&mmmii 

, GaAsiHOT/OK^iKi (p) £-&*3lo3i *9 M **Ct&m<o3 1 
[0 0 2 9] 

^i5^Ilfit(t ^4<7)^«^.<7)^##l§^T-^i3V^-C, G a A 
s i 1 Mi;*m^"> K**fg: < MSf (N) *-&tr* G a A s X *) fcfSStf'O K 

* t jes<«i (p) z^^\^mvmzmi-zmt(DgrmmTkfrb%2>mffimmi±, 

ttiWO^y?! «:Jt«WI¥< Lfcv**£-C<>, GaAsiH 
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[0 0 3 0] 

6 on*t^38gt±, n i TiMt 5 <7)v^fn^^iifi<7)^M* 

SfT^i^T, G a A s =t Y) i>fcmtt'*> K^ffi:<MSt (N) mi^GaA 
s «£ *) t>fcmtt'-<> K* t SE<« (P) ^*5lo5S0M*^r-r*«fciS14)ii:«: 

[0 0 3 1 ] 

T-fcj3V>t\ G a A s J: •? Ms^nf^v Kj&M5:<£3fc (N) £^-fr>t <!: G a A s 

x^) i.mmw^y v^M<m (p) z^^i-omnmzmir&mtfe&mtzm 

[0 0 3 2] 

(m 7 nmnmm) 

ff-C^^t, G a A s «t <9 i>fcmig/*> V^M<m (P) £-#<£-3|o3ftl9^£ 
tt*itLtGaAsPi*fflK milBG a A s =t (9 ^>fS2fw^^> Kt& ? 

j&<a* (N) ^tfliittGaAsN^v^i:^ GaAsPi^GaA 
sP^IStGaAs (1-x) Px (0<x^0. 2) fcU MT^P 
fe14©^F«1-^G a A s N<7)J?££ 1 n mW±tt-5 £ t ZftWit Ltv^„ 
[0 0 3 3] 

z.<db 7 (o%wmx-\t, m i n^m 5 (D^^-rti^cDmmfm^^m^itm 

J-lzis^X, GaAsiHfs»OW<i (P) 
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tiia-CGaAsPiiiK huIBG a A s J: *9 Ms^m^ K* f fi 

<SH (N) i^isMt LXG a A s Nfcfflu* <h GaAsPlOGaAs 
P«^GaAs (1-x) Px (0<x^0. 2) £ fc. mi^FvS 

14WiwBe-f&G a A s N<DJ¥££ 1 n ratti <h f * £fc T\ iufEG aAsPO 

fr&G a A s N<Z>m2&&2>Z£We&2> 0 
[0 0 3 4] 

10 0 3 5] 

1/ - -*f s »&-r a - 1 ^-e # & o 

[0 0 3 6] 

(* 9 <DMMfm 

[0 0 3 7] 
[0 0 3 8] 
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m i o onffij&m 

[0 0 3 9] 

i^lO^lfiii, Mffl^ya-^iLT, i9^iii<7)^ 
K, i^M^14<7)7tii« yXfA^ tt^-r & d <h a*-? § £ 0 

[0 0 4 0] 
[0 0 4 1 ] 

i ) 

%mm mi, m 3 , n 7 <Dmmmmi<zim-r2>mifomx$)Z> 0 m 3 i*n 

^Wii-ewaiffilljfcM^Sfr^— f fc*oT*3"), n-GaAsSSiC, n- 
GalnP^yKi (J¥£ 2 ^ m) , GaAsWKl OPS 0 . 1 ^ m) , 

(Ga I nNA si^Mttl^^trlSttiti) 
, GaAs*MFi (I? £ 0 . 1 ft m) , p-Ga I nP^77 Ki (IP $ 2 fi 
m ) , p-=J>**hJg (JP$ 0. 1 yum) tfl&WLZInX^&o fLT, »«<7) 
SStp-ny^^MiCli, ftifWtSt^lS (n-lS, p-*ffi) 

[0 0 4 2] 

d<D|yi1?!ll-C^ M»«#3t«r^-r4i$tt«i* (Ga I n N A s fi^PfS 
te«*-£trigteft*ft) Tffli^, G a A s o . 8 P 0. 2* (IMOnm 
) . G a A s o . 9 8 7 N 0. 013® 0P£ 1 nm) , Gao. 7 In 0. 3 
N 0. 0 1 As 0. 9 gi^P'/Stti (f?8nm) „ G a A s o . 987 N 
0. 0 13* OPSlnm) , GaAs 0 . 8 P 0. 2® (f^lOnm) iZX 
tyl&l&ZiXX^&o Z<n®.J&iZ&^Xli. #iOGaAsC*tt-5Ili, G a A 
sP^'-O. 7 1%, GaAsN7) ? -0. 2 6%, GalnNAs^+l. 9 % 



ttJliE# 2003-3098060 



2003-045447 ^- v I 13/ 

[0 0 4 3] 

®3<Dlx--»f{|fii(.±, (MOCVD&) \z£h 

it&Vst. LTMx.lf h ff-frlf') fJ A (TMG) , h WjU (t 

MI) ^fflv^It^t'i, VSlK^i: Ltli^Jx.(fA s H3, PH 3 , v^f- 
;mK7V> (DMHy) ^IV^:W J t*H 0 ifz, nl<7) h <h L 

Tf±^x.fdTH 2 S e £ffiv\ P M<7> F-/-?> h t LT(i#lxJ£" ?-;HE#& (D 
MZn) ^K^-Cii, Zjxh(DWM*m7£c0J±.t} (mx.it 1 0 0 t o 
rr) Cf o f:SEf ft t: H 2 ^ U 7 ^ C i o t$A L, a&K-feflUtfft 

:H ? t*^o COHl^Jim MOCVD&KJ: 0BI3OJ:-5$rfl|j£O3gB 
[0 0 4 4] 

j&£8t*£fcK$:*o -<7)J: 9 fc^'V K#ifi-e*±, Ga I nNAsI^pffitt 
ItGaAs P^lift/i^OF^G a A s N|Of ^tNttCiot, #Fi: 
^tt^MT-S^^'fbl'^o HI 5 tcti, GaAsP«^GaAs (1-x) 
P x (x = 0. 2) t U GaInNAsl«f$^8nmtU G a A s Ng 

KiSHT, G a A s NJf<7)J¥$7^0 nmOlWG a I n NA siGaAsP 

* K« $ ^fcflfcST-oa^-iite n ^ tz t) , i^mteara <4Sit-eu- 

*WI$lCy7H5:i:»^o Ga I nNAst3v>ti±tI^I 
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10 0 4 5] 

<t<Dfzit>, *5tm<D£o GaAsN£GaAs PIMitG a I n N A 

ft<7)tl-^^ £ bl.-r^#H^ y h* f ^:#^ 0 G a A sNIiG a A s tCJt^TfS^ 

<bK, G a A s G a A s KttLT3lo^0^£^-&i£ H l^£>&£a&, j£W 
«©3&*&JWf#"t?#&o HI5KJ:*U2\ N&j&t&M. 3%^)tii:i± 4 ioi^O 
. 4 n m^±<7))f ? T'iT-il^G a A s / G a I nNAs »T#Pft^<75TO 

jsjit t & «) \ m&^k ->7f tmit zti&zt & 0 i , n &j£5&*a» & o ia 

t^plf^-e*)^> 0 C(7)J:9(:, ±ffiWG a A s P t G a A s N Zm.fr &t>-£tzM 
«ft*fi-eti, G a A s (l-x) Px (x = 0. 2) OGaAsPdtUG 
aAsi- y N y (0. 0 0 2^y^0. 013) <^)G a A sNOf$^0. 4 
nm^fj 1 nmOi|t1Itfiv7 h £j*plh-t& G a A s NOflUff^tf^ 

:^ ? t*^o of 19, MIKaAs (l-x) Px (0<x^0. 2) 
tOGaAs Ptoa*^fc^li, |g B H H f^M<7)#l>^jt^fitlNa^<7)j6:V^G a 
AsNKi3V>T&, ill nm<7)l?$7& ? ^)tL{f+^@r^ft<b<7)?Plli?*^^#T* 
^tv^;H ? W^o ifc, G a A s NONM^il < t/O 7 

<DX\ i^N«<7)G a A s N^fflv^i t^tl^^Ji^i L^£v*x.£o 
[0 0 4 6] 

HJfefll 1 -Cfi, GaAsPtGaAs NOll«a*«:^*)*«5 > 
OlO^liO. 0 2 %jaTlw£o-Ci3 «9 , +^^Mte^m^^tt^>c<h^ 
5t^& 0 -<7)^»0 1 T*(i, G a A s N^ffl^>& C i:T*lMMM#tv^^ 
. *HWttG a A s Ni:|SSE$*i4fc»fC{iiv> 0 G a A s P® & + 

frKmnmsb&iiWbtL&iD-e&tLtt* #kg a a s no^ tt\<*m*)&&m 
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14S J: ^ < ftotv^^ (^tfGaAsNSb, GalnNAs (#P 
f£14« fiBUftJK) , GalnNAsSbf) £fflv>*U£\ fflafcJHfcOfflJiL3&* 

[0 0 4 7] 

i/i> 1 TiiG a A s P i/^:|»Ji:ov»-c^fc^ #3&9!{±ffi & G 

a A s P{:|R*Mtiii:^ 0 fi:G a A s P CWCN^Aotv^ G a A 
sNP^, S b tft>iTfrlZ<£i ^GaAsSbP* £T *l£ - t Xfcm 

K^G aAs i | )^< ^otv^i^lv^ifcia^ltft^tiov^ 

[0 0 4 8] 

tfz, ±&O0!T?»±, ffl£m<7>ttft£ LTG a I nNAsifflK^i^, - 
ilttMiG a I n NA s «^ £ tl£ v> 0 ffl*.tiTG alnNAsP, GalnN 
Sb, GalnNAsSbi^ SfS (N) t *<7>16L<D V Mlt^*^ isMM,* 

£ o J: 9 txi> l±#$hX~*> h o 

[0 0 4 9] 

itz. -<7)H»J1 -ef±, GaAsNtGaAsP^fWlltW 

0 6t:^tJ:^ KMxJfG a A s =fc ») MsS^"^ W«<$£ (P) £^3lo 
SIO^^I" £S<h UGaAsP ^Ii-5M0 2)g(: L£ ! 9 LtU^fei 
i/z, G a A s J: ifsii^"> K^ft < ft (N) &lZtrmtfMx.l2W\ 7 
•) (:2lt:^ot^tU^^^^ 0 G a A s <fc ij Kj&*SS < $1 

g a a s x 19 vm&<mm (n) £^trmt<Dm.^fr^*ittm 

[0 0 5 0] 

v^Tii, G a A s P/G a A s NO 2 Jl^ <b ^^M«ft«iS^ G alnNAst 
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[0 0 5 1 ] 

mmm 2 ) 
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[0 0 7 9] 

sem^^^^T-t-^v^T, GaA S j;nfsii^>«<if (n) 
*^tf« t g a a s «t t> i>mm#'*> y^m<M (p) &-£*3io3Bo^£*ri- 
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